Abstract: A simple sol-gel process is proposed for synthesizing SnO 2 nanopowders utilizing normal propanol and isopropanol mixture instead of just using normal alcohols such as ethanol, propanol or butanol for Sol preparation. No surfactant was used in this Sol preparation process. The structure of sol is studied by FT-IR-ATR technique. On altering propanol to isopropanol ratio, three different nanopowders were obtained. X-ray powder diffraction, high-resolution transmission electron microscopy (HRTEM), selected area electron diffraction pattern (SAED) and BET techniques were used to characterize prepared powders. Results show that smaller grain size was obtained via altering alcohols ratio. In addition, Merck commercial SnO 2 powder was also used as a reference material for comparing purposes; because it has nanometer scale (ca. 60 nm). HRTEM images show that obtained nanopowders were polycrystalline and their average diameters fall into the range of 6-80 nm. Finally, the effect of alkoxide ligand size through sol-gel synthesis on product particle size is discussed.
Introduction
Tin oxide nanopowders are semiconducting inorganic nanocrystallites with dimensions less than 100 nm, in all three dimensions. Consequently, discrete electronic states, unusual structural transformations, unique optical properties and a blue shift of the band edge transition energy are induced in these nanoparticles [1] [2] [3] [4] . Due to high surface-to-volume ratio, the surface atoms play a large role in the properties of nanomaterials, which usually have fewer adjacent coordinate atoms and can be treated as defects as compared with the bulk atoms. These defects induce additional electronic states in the band gap, which can mix with the intrinsic states to a substantial extent and which may influence the spacing of the energy levels and the optical properties of nanopowders. Thus, nanoparticles especially quantum dots (QDs) exhibit unique properties and have a broad range of applications in optoelectronics, telecommunications, lasers and optical sensors [5] [6] [7] . Therefore, simple synthesis routes for SnO 2 nanoparticles with a diameter less than or comparable to QDs which is 2.7 nm [8] for tin oxide are extremely important in materials research. SnO 2 is an important n-type wide-energy-gap semiconductor (E g = 3.64 eV, 330 K) which has a wide range of applications such as in solid-state gas sensors [9] , transparent conducting electrodes [10] , rechargeable Li batteries [11] and optical electronic devices [12] . During the past decade, SnO 2 nanostructures have been one of the most important oxide nanostructures due to their properties and potential applications [13, 14] . In this connection, many processes have been developed to the synthesis of SnO 2 nanostructures, e.g. spray pyrolysis [13] , hydrothermal methods [14] [15] [16] , evaporating tin grains in air [17] , chemical vapor deposition (CVD) [18] , thermal evaporation of oxide powders [19] , rapid oxidation of elemental tin [20] and a sol-gel method [21] . Among various methods, sol-gel is well suited for production of nanostructured materials, because of its relatively low processing cost and the ability to control the grain size. Although the sol-gel technique has been widely used for the preparation of tin oxide powders, the potential of this technique to prepare nano materials has not been fully explored.
In this paper, we report a simple sol-gel route for synthesizing of wide-dispersed SnO 2 nanoparticles within a small diameter range 6 to 80 nm. The novelty of this work is the use of mixtures of propanol/isopropanol alcohol ratios instead simple alcohols (such as ethanol or propanol etc) which lead to fabrication of smaller particle size without using of any surfactant or other additives.
Experimental Procedures

Sol-gel preparation procedure
All reagents used were of analytical grade without further purification. 3.33 g of SnCl 4 •4H 2 O (0.01 mol) was added to 8.98 ml of n-propanol (0.12 mol). Since this solvatation phenomenon is exothermic, due to the formation of a compound schematically indicated by the formula SnCl x (OPr) 4-x *PrOH [22] , the reaction container was allowed to cool till ambient temperature. Simultaneously, 4.5 ml of i-propanol (0.06 mol) was added to 1.62 ml of deionized water (0.09 mol). The obtained mixture at latter step was added drop wise into former cooled solution and the mixture was stirred for an hour in order to form a more transparent sol. In order to avoid contamination in each step the container of sol was sealed. Based on the foregoing discussion, it is clear that pure SnO 2 sol was prepared from SnCl 4 •4H 2 O : nPrOH : iPrOH : H 2 O by molar ratio 1 : 12 : 6 : 9, respectively in which the ratio of n-propanol/i-propanol is 2/1. Fabricated sol was transferred into a ceramic crucible and was put in an electric furnace for calcination while thermal program adjusted to reach 600 o C during onehour period. The SnO 2 powder obtained from this route, shortly named Sn-1. The second sol was prepared by the same alcohol ratio but at calcination step, temperature program adjusted to reach 1200 o C in a period of two hours. The product obtained from this step named Sn-2. Final sol was prepared utilizing n-propanol/i-propanol ratio of 1/2 in which thermal program adjusted to reach 600 o C during one-hour period and the product of this route named Sn-3.
Characterization
The structure of sol was studied by FT-IR-ATR; after evaporation of excess solvent under vacuum, the infrared spectrum of sol was recorded using Fourier transform infrared (FT-IR) spectroscopy on a NEXUS 670 NICOLET FT-IR spectrometer using a Smart MultiBounce Combo HATR with 45 o ZnSe window by 32 scan. The X-ray diffraction (XRD) pattern was recorded for three synthesized SnO 2 nanopowders and also for SnO 2 powder purchased from Merck on a X'Pert High Score PW3209 PHILIPS X-ray diffractometer with Cu K α radiation (λ = 1.541 Å). Transmission electron microscopy (TEM) observation was performed with a JEOL JEM 2010 high-resolution transmission electron microscope (HRTEM) operated at 200 kV. Surface area of produced nanopowders were obtained by BET technique using N 2 as adsorbed gas on Gemini 2375 v4.02 BET analyzer. This technique assumes one layer adsorption of gas on surface to calculate the specific surface.
Results and Discussion
FT-IR-ATR study of sol
To verify the structure of prepared sol, FT-IR-ATR spectra of alcohol (as coordinator solvent) and prepared sol (from mixture of SnCl 4 •4H 2 O + PrOH) were measured and are shown in Fig. 1 . As can be seen from Fig. 1 , the FT-IR-ATR spectrum of the sol exhibits two new peaks in comparsion with n-propanol alcohol spectrum which indicate that C 3 H 7 OH has been hydrolyzed and has been reacted with SnCl 4 •4H 2 O to form Sn(OR) 4-x (OH) x complex. The peak at 1600 cm -1 corresponds to Sn-OR band [23] and the peak at 3500 cm -1 corresponds to Sn-OH band as well [24] .
XRD study of prepared SnO 2 nanopowders
For comparison between our nanopowder products and Merck SnO 2 powder their XRD patterns are shown in Fig. 2 . As shown, all the peaks can be readily indexed as pure tetragonal SnO 2 with cell parameters a = 4.7370 Å and c = 3.1850 Å, which are in good agreement with the values documented in the standard card (JCPDS no. 77-1147 for Sn-1, Sn-2, Sn-3, JCPDS no. 77-0447 for SnO 2 purchased from Merck). By considering Scherrer equation (1), the relatively broader intense peak for Sn-3 (as shown in Fig. 2) indicates smaller crystallite diameter in comparing with Sn-2 and Sn-1. This could also be seen that Sn-1 crystallite diameter is smaller than the Sn-2. In the other words crystallite diameters based on Scherrer equation are as follows: Sn-3 < Sn-1 < Sn-2 = Sn-Merck
This arrangement for Sn-3, Sn-2 and Sn-1 was confirmed by TEM images, which will be discussed later. Particle size of the three products and the Merck sample were calculated by substituting FWHM and position of intense peak in Scherrer equation:
where k is constant equal to 0.89, λ is the X-ray wavelength equal to 0.154 nm, β the full width at half maximum in radian and θ half diffraction angle. Calculated grain sizes are presented in Table 1 which consists of experimental data obtained from XRD, TEM and BET techniques. Since the intensity of XRD peaks has direct relation with degree of crystallization, by considering Brag equation, it is clear that crystallization degree of SnO 2 samples are as follows: Sn-2 > Sn-Merck > Sn-1 > Sn-3
TEM study of prepared SnO 2 nanopowders
The morphology, particle size and structure of synthesized samples were characterized by HRTEM and typical TEM images and are shown in Fig. 3A-B . The TEM images and the selected area electron diffraction (SAED) patterns shown in Fig. 3A , reveal that the products mainly are composed of heterogeneous nanoparticles except Sn-3 which exhibits more homogeneity. Dimensions obtained from TEM images are accurate but are not in consistence with those from Scherrer equation. This discrepancy can be related to shortcoming of Scherrer equation. Experimental dimension for synthesized nanopowders obtained by TEM were 10, 80 and 6 nm for Sn-1, Sn-2, Sn-3, respectively.
The selected area electron diffraction (SAED) patterns (Fig. 3A) of three synthesized samples show several 'halo' rings which confirm that all the products are well crystallized, because amorphous materials have just one single 'halo' ring in their diffraction patterns. Existence of several halo rings in SAED of synthesized nanopowders is a good evidence for their polycristalitte state, because diffraction pattern of a single crystal just shows light dots without recognizable halo rings but discontinuous state of our halo rings is a result of inconformity in three dimensions for each particle and is a result of discordance state of particles with each other which is in accordance with their heterogeneous morphology and also is the result of the fact that particles are not small enough to fabricate a continuous halo rings which could be seen in SAED pattern of QDs [25] . {110} planes of SnO 2 (JCPDS no. 77-1147 for Sn-1, Sn-2, Sn-3) in each SnO 2 nanopowder product. In addition, the mean diameters of SnO 2 nanoparticles fall into a range of 6 -80 nm. Equation 2 shows the relation between radius of each halo ring in SAED (Fig. 4 ) and crystallite planes:
Calculation of d-spacing from SAED
where L is length of camera and λ is the electron beam wavelength and both are independent from specimen and are constants, hence L x λ is called the camera constant. r is the radius of halo ring on SAED and d is space between crystallite planes which are responsible for diffraction. Knowledge of L, λ and determination of r by using the SAED screen (with consideration the scale bar of screen) enable us to determinate d value for each halo ring. Since the radius of each halo ring has reciprocal relation with space between crystallite planes (d-spacing), by using equation 2 and Fig. 4 , the brightest inner ring corresponds well to the {110} planes of SnO 2 which has the biggest d-spacing among the crystallite planes which were obtained from powder X-ray diffraction standard cards. BET technique gave surface area of 23 m 2 g -1 , 3 m 2 g -1 , 33 m 2 g -1 for Sn-1, Sn-2, Sn-3, respectively, which are in agreement with their particles dimension.
Effect of coordinator alkoxide and metal alkoxide size on grain size
The size of Sn(OR) 4-x (OH) x complex highly affects final calcination process products grain size. Bigger coordinator solvent lead to more separated Sn (ІV)
cores with low probability of agglomerization in sol under thermal treatment and causes to reach lower diameter of SnO 2 nanoparticles. Better results were obtained by using propanol as coordinator solvent (alkoxide ligand) and lower diameters (grain size) obtained for Sn-3. This fact might be due to higher donor degree of i-propanol than propanol which in turn lead to higher yield of Sn(OR) 4-x (OH) x complex in comparison with using higher propanol ratio.
Conclusion
SnO 2 nanopowders were successfully synthesized by a simple sol-gel process. The diameters of SnO 2 products are less than 100 nm so they can be called SnO 2 nanopowders. The most important advantage of this sol-gel synthesis process is the usage of n-propanol and i-propanol alcohol mixture instead of either their separate usage or using of other simple alcohols such as ethanol [26, 27] for Sol preparation in which n-propanol and i-propanol were used as coordinator solvents. The other advantage is to bring down the mean grain size from 10 nm (Sn-1) to 6 nm (Sn-3) in the last solgel route just by reversing nPrOH/iPrOH ratio from 2/1 to 1/2 without implementation of any surfactant or other additives. In this work, n-propanol and i-propanol alcohols were used to produce powder type products instead of their common use toward thin film fabrication [22] . Raising the temperature and time duration of calcination process would lead to bigger grain size of 80 nm because of their crystallite growth. Due to the mentioned coordinator solvent effect Sn-3 procedure resulted in homogeneous fine nanoparticles, therefore this sol-gel process is sufficient for production of nanopowders with high homogeneity and fine particles. From X-ray powder diffraction it was concluded that Merck SnO 2 powder has mean dimension of 58 nm (the same as Sn-2), so Merck powder product also could be called nanopowder. Merck powder has the same color as Sn-2 ( 
